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ELECTRICALLY CHARGED CONDENSER PLATES
By I. Irving Pinkel

SUMMARY

Object.~ To determine the effectivennss of a charged condenser
for breaking oil foams and to obtain data on which to base the
design of such a device for mounting at the oil-tank inlet of an
airplane.

Scope.- The use of a charged condenser with its associated
brush discharge for breaking oil foams was studied. TIn thie device
the oil foam is made to pass between the condenser plates, where
it is broken.

The influence of condenser-plate area and arrangement,
condenser-plate design, condenser-plate voltage, and oil tempera-
ture on the action of an electrical foam bresker was lnvestigated
by means of a convenient laboratory apparatus. Tests were carried
out with two oils, an SAE LO Diesel oil containing additives and
grade 1120 avlation oll without additives. Data are presented
covering the effect of water in the oil on the foam-breaking effec-
tiveness of the charged condenser. In addition tests were made
with gasoline-oil mixtures containing up to 50 percent of gasoline
by volume at temperatures from 170° F to 200° F to determine
whether gasoline-air mixtures above the 0il are ignited by the
discharge across the condenser plates. Possible sources of the
required high voliage for operating the foam breaker, safety
measures that should be taken in their application, and design
recommendations for a foam breaker are discussed.

Summary of results.- Foam-breaking tests with condensers
charged to potential differences from 12,500 to 19,000 volts on
foams producedofrom an SAE LO Diesel lubricating oil at tempera-
tures from 120" F to 180° F and grade 1120 aviation oil at tem-
peratures from 150° F to 180° F have shown:
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1l, For a given condenser the foam-breaking rate increased with
applied voltags and oil temperature. 011 additives, however, may
modify the tendency of foams to break more readily at high foam
temperatores.

2. The foam-breaking effectiveness of the condenser was
increased when the oil recovered by the foam-breaking process was
drained from the foam that remained to be broken.

3+ Foam breaking was most rapld near the edges or the con~
denser plate.

Lo ¥ater concentrations in the oil of less than 6 percent by
volums 4did not influence the foam-breakinir rate.

Ignition of gasoline~oil mlxtures contalnlng up to 50 percent
of gasnline by volume from 170° ¥ to 200° F by the discharge across
the condenser plates 4ld not occur.

Conclusions.~ The foam-brenking tests and the experience with
the operation of the laboratory form of the proposed foam breaker
indicate that oil~foam breakers that cmploy charged condenser plates
are sultable as 2 means of eliminating oil foaming. This spparatus
should be considerad in those installations in which the oil foaming
canrot be eliminated through other changes in the mechanics of the
oil system or through the possible use of defoaming additives.

THTROIUCTION

Unpublished reports from several sources concerning lubrica-
tion and oil-pumning difficulti~s that occur in aircraft engines
during fli-ht as a result of oil foaming prompted the study and
developument of a method of controlling oil foaming by charged
condenser plates placed at the oil-tank inlet. This work was
conducted at the Aircraft Engine Recearch Laboratory of the NACA
from February to June 1943.

Ioas of oil from the enpine to the air and reduced oil
delivery to the engine ars the two difficulties associated with
oil foaming during f£fliiht. loss of 0il occurs when the volums
of foam produced exceedrs the zvailable capacity of the oil tank,
the engine crankcase, and the oil-tank vent line connecting the
two. The excess foam is lost tn the air with the engine blow-by
through the crankcase breather. Thls loss of oil 1s sometimes
sufflcient to reduce the flisht range of the airplsne below the
Jimit imposed by the fuel eupply and may occur at any flight
altitude.
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The delivery ffom-the rpresmereipump .supplying ~therenginad wtth
oil falls off with increased oil-entrained air at the pump Inlet.

‘This subject was discussed in detail in a report delivered by
Dolza at an SAE meeting on June 8, 1942. The work of Pigott (ref-
erence 1) closely paralleled the work of Dolza. These workers

have pointed out that the presence of the ailr in the oil reduces
the suction developed at the pump inletsand at high altitudes,
where the atmospheric pressure is low, the difference between the
pressure at the oil tank and the pump inlet 1s insufficlent to
supply the-olil to the pump at the rate required for satisfactory
engine lubrication. As a result, flight is restricted to altitudes

appreclably lower than those which the airplane could otherwise
attain,

The presence of oil foam in the tank can contribute to the
aeration of the oll flowing to the oll pressure pump in the fol-
lowing ways:

1. The air in the foam can be reincorporated into the main
body of the oil by splashing of the oil in the tank during airplane
maneuvers.,

2. #hen the oil supply 1is low, the oil that forms the foam
may represent an appreciable part of the total oll supply. The
clear oil that remains for circulation therefore spends less time
for each psssage through the oil system in the oil tank where it
can lose the alr entrained in it. The oil flowing to the pressure
pump has more entrained air than it would have if the o0ll 1in the
foam were available for circulation. Thils condition is particu-
larly true of oll systems employing a hopper-type oil tank that
provides for the rapid circulation of a portion of the oil in the
tank.

The dispersion of crankcase gas in oil, from which foam 1s
produced when the gas bubbles attempt to pass through the oil
surface to the adjacent atmosphere in the oil tank, is formed by
the mixing action of the scavenge pump on a combined charge of oil
and crankcase gas drawn from the crankcase oil sump. The capacity
of the scavenge pump drawing oil from the engine exceeds the capac- -
1ty of the pressure pump delivering oil to the engins. This excess
pump capacity is provided to insure that oll does not accumulate
in the engine crankcase. As a result, the extra capacity of the

scavenge pump 1s satisfied by crankcase gases drawn in with the
scavenged oil,

#hether the dispersion of gas in the oil formed by the scavenge
pump will result in foam upon discharge into the oill tank depends
on the presence of foaming agents in the oll, which are as yet
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unidentified. These foaming agents may be present in new oil, or
they may be formed or introduced in use. The amount of foam formed
per gallon of oil-gas mixture of glven proportions can be somewhat
reduced by providing means of coalescing the gas bubbles and sepa-
rating them from the oil before the mixture joins the main body of
oil in the tank. Some methods of this type are consldered in
references 1 and 2. A thorough discusslon of the status of the
oil-foaming problem was made in 1942 by #. J. McCann. (See ref-
erence 3.)

Three general methods of controlling oil foaming can be used:
1. An antifoam additive can be used in the oil.

2. Dil-system pumps, piping, and related accessories can be
modified to minimize the aeration of oil and thereby reduce conse-
quent foaming.

3, Foam can be permitted to form and then be broken before it
can adversely affect the engine lubrication system.

The method of controlling oil foaming considered in this paper
comes under the third category and involves the separation of the
foam from the oil as it enters the oil tank and the bresking of
this foam in an electric field and the associated brush discharge
between charged electrical conductors through which the foam is
made to flow. In the form of the device recommended in this report,
the electrical conductors are modified condenser plates, one of
which is in direct contact with the foam and the other which is
separated from the foam by a solid dielectric.

The purpose of the research was to establish the value of
using strong electric fields between charged ccndenser plates for
breaking oil foams and to determine tne importance of various
design factors and oil properties that are likely to influence
the effectiveness of a foam breaksr. The data obtained must not
be considered to represent an accurate evaluation of the effect of
design factors and oil properties on the foam-breaking rate because
simple laboratory apparatus was used to obtain the data and in some
cases complete control over the variables was not possible.

A laboratory form of a proposed foam breaker designed to be
mounted at the mouth of the oll-tank inlet is described herein and
a drawing of a similar foam breaker considered suitable for an oil
system circulating up to 15 gallons of o0il per mimute, corresponding
to the oil-circulation rate of a 1000~horsepower, air-cooled engine,
is included.
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APPARATUS

The principal element of the foam-breasking device described
in this report is a pair of condenser plates charged to a potential
difference of sbout 15,000 volts alternating current. The foam to
be broken was made to pass batween the condenser plates, where the
combined effect of the electrostatic field and the brush discharge
between the plates broke the foam. One condenser plate is in con-
tact with the oil foam and will hereinafter be called the "wet"
plate; the other plate is separated from the foam by a solid
dielectric and will be designated the Udry" plate. In the partic-
ular apparatis used ln obtaining data, the plates were separated
by 2 0.20-inch free gap and a 3.5-millimeter thickness of glass,
against which one of the plates was mounted. The action of the
electrostatic field on foam bubbles is illustirated in figure 1.

A single sosp ktubble was placed hetwesen two condenser plates,

which were spaced 15 inches and charged to a3 potentisal difference

of 5000 volts. Figure 1(a) illustrat=s the normal shape of the
bubble without the applied voltage. Figure 1(b) shows Lthe bubble
distorted to the breaking poirt in the electrostatic field.

The appsratus ure. to produce the foam mnd to investignte the
effect of the several orimary variahles invclved in this method of
foam breaking is illustrated in ficure 2. Foam was formed by
cyelinz the oil from the sump (3-quart capacity) throuzh the motor-
driven zear pump, into Lhe foam tub:, and by gravity back to the
sump. The 0il entered the foam tube through a set of holes
0.03F inch in diamelcr drilled in a tube, which was completely
immersed in the 0ll; the top of the oil-injection tube can be seen
in figure 3. The rat: of foam production was increased by passing
the oll and air into the foam tube through these holes.

Th: capacity of the pumping system was varied by the bypass
valve, which wes set to make thz pump delivery oxceed the rate at
which oil flowed from the foam tube to the sump. [n this way a
mixed charec of air and oil was drawn into the pump. Injection

of this chargn into thc foasm tube produced the foam shown in fig-
ures L and 5.

The fo=m tubs was madc from a 28-inch length of 100-millimeter
out:r diametor and 9%-millimcter inner diameter elass tubing. The
l-inch-diameter side arms placed 16 inches up from the lower end
gerved as mountings for glass-rod supports for thoa wet condenser
platc that was fixed inside the tube. A heatin: coil coverins the
lower 6 inches of the foam tube was used with the oil-immersion
heater at the pump irlet te maintain the oil at the test tzumperature.
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A second tube similar in design to the foam tube without the
condenser was employed to store oil at the test temperature for
use in displacing the test fosm through the condenser. (See
figs. 2 and L.)

The dry plate of the condenser (figs. 2 and 5) was made by
wrappine a wire-screen band, L inches wide, completely around the
outside of the foam tube. The wet plate was made either of thin
metal foil or of screen supported on the cylindrical surface of a

metal tube 3% inches in diameter and L inches long (fig. 6(a)).

Slots were cut in the metal- tube to provide for the passage of oil
through the screen to the inside of the tube (fig. 6(b)). One end
of the tube was closed by a flat metal plate into which a glass

tube was inserted. This glass tube conducted the oil that passed
through the screen to the oil in the lower regions of the foam

tube. A glass cover was placed over the open end of the metal

tube to prevent foam that passed unbroken through the condenser
from spilling into the metal tube. Rubber spacers inserted between
the wet plate and the inside wall of the foam tube maintained a
uniform annular pasrage 0.20 inch wide through which the foam was
passed during a test. The 3.5-millimeter thickness of glass between
the plates, which was provided by the wall of the foam tube, was
jmportant in maintaining a uniform elsctrical brush discharge across
the gap. ~#ithout the glass or an equivalent dielectric material,
undesirable arcing between the plates tends to occur. The foam-
‘breaking action of the condenser 1s lost when arcing occurs.

The voltages used for these tests were obtained with a neon-
sign transformer, the output voltage of which was controlled by
varying the voltage impressed on the primary by a second variable-
output step-domn transformer.

TEST PROGRAM AND T3ST PROCEDURE

Tests were run to determine the effect of the following factors
on the foam-bresking rate:

l. Condenser-plate area and arrangement
2. Condenser we=t-plate desizn

5. Condenszr-.late voltag.:

L. 0Oil temperature

5. dater in the oil

An SLE 4O Diesel lubricating oil that contained sdditives and
foamed readily was used for most of the tests. Grade 1120 aviation
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oil without additives, which foamed moderately, was used to indi-
cate the effectiveness of charged condenser plates on the breaking
of a typical aviation oil foam. Tests'were included to determine
whether the brush discharge between the charged condenser plates
would ignite a gasoline-air mixture.

. ¥hen the oil was brought to test temperature, s portion of
the oil was stored in the heated storage tube and the rest was
cycled as previously described to produce the test foam in the
foam tube. The rate of oil circulation was gbout lj gallons per
minute. The pump bypass valve (fig. 2) was so adjusted that air
drawn in with the oil was the proper amount to give the maximum
rate of foam production in the foam tube. No attempt was made to
measure the clrculated air.

‘Yhen sufficlent foam for the test was produced, the cycling
of oil was stopped and the sump was filled with oil from the storage
tube. The pump bypass valve was then set from previous calibration
to give the desired nominal pumping rate of the sump oill into the
foam tube. This 0il, vithout air, acted as a liquid piston in the
Loam tube and raised the foam betwean the charged condenser plates.
The flow rate of the foam into the space between the condenser
plates, in cubic inchss per second, was determined by timing the
rise of the line of szparation betweon the foam and the clear oil
in the foam tube of known dismstzr.

At the start of its upward dicplsccment. the column of foam *ras
made to extend to mither the uppzr or the lower edge of the wet
plate, depznding on the t.st to be run. The test procedure chosan
denended on the amount of stable foam that could bc made at the
tect tempzrature from the test oil. In order to compare an oil
that foamed readily with one that foamed moderately, similar tests
were run with the foam of both oils rzaching the lower edgs of the
condenser before the test. YWhen the foam reached the lower edge
of the condenser at the beginning of ths test, the percentage of
the condenscr covared by the foam when 50 cubic inches of foam
were displaced between the plates was determined. If the foam
reached the top of the condenser plate before the test, the height
above the condenser reached by the foam was recorded when 72 cubic
inches of foam were displaced through the condenser. The ratio of
this height to that through which the line of separation between
0ll and foam moved to displace the 72 cubic inches of foam gave
the proportion of foam that passed unbroken through the condenser.
The percentage of foam broken was obtained by subtracting this
value from unity and multiplying by 100.
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RESULTS AND DISCUSSION

Condenser-Plate Area and Arrangement

Effect of condenser-plate area.- Three dry condenser plates
of 1-, 2-, and L-inch widih were successively used with a 4-inch-
wide wet plate made of 120-mesh screen. The top edge of each dry
plate was fixed at the same level as the top edge of the wet
condenser plate. Diesel lubricating oil was used for these tests.
The initial foam column before the voltage was applied reached the
top edge of the condenser plates for each test of this series. The
applied voltage was 19,000. The oil temperature was 160° F, corre-
sponding to a viscosity of L3 centistokes, or 197 Saybolt Universal
seconds.

The results obtained from these tests are shown in figure 7.
At a foam-displacement rate of 8 cubic inches per second, the
amounts of foam broken by the 2-inch and the L-inch plates were,
respectively, 1.15 and 1.l4); times that broken by the l-inch plate.
At a foam-displacement rate of 16 cubic inches per second, the
amounts of foam broken by the 2-inch and the L-inch plates were,
respectively, 1.29 and 1.7L4 times that broken by the l-inch plate.

The fact that the variation in the percentage of foam broken
at a given rate of foam displacement is approximately linear with
respect to the condenser-plate area but is not proportional indi-
cates that the electric field at the edges of the condenser was
more effective in breaking foam than the space between the edges.
This point was verified by experiments described in the following
paragraphs.

Effect of condenser-plate arrangement.- In order to evaluate
the efTect of condenser-plate arrangement, three tests were made
using, successively, one 2-inch~wide dry plate and two l-inch-wide
dry plates which were so mounted that the bottom edge of the higher
plate was separated from the top edge of the lower plate by a dis-
tance of 1/l inch in one test and 1 inch in the other test. The
top edge of the higher dry plate was at the same level as the top
edge of the h—lnch-wide wet plate. Diesel lubricating oll was
used at 160° F with a condenser voltage of 19,000, The initial
foam column extended to the top edge of the condenser plates.

The results obtained are plotted in figure 8. Two l~inch-
wide dry plates were more effective than one 2-inch-wide dry plate
and the gain obtained with the two plates increased with the dis-
tance between them. At a rate of foam dlsplacement of 10 cubic
inches per second, the percentage of foam broken by the 2-inch
plate was 603 for the two l-inch plates 1/l inch apart, 71; and
for the two l-inch plates 1 inch apart, 86.



NACA ARR No. ELKO1 9

The gain obtained by using two separated l-inch plates was
believed to be principhlly due to doubling the length of the
condenser-~p:late edge provided by the two separated plates. When
the spacing between the plates was 1/L inch, the adjacent edges
of the plates were so close that their electrical fields apparently
overlapped and the effect was not that of two separate edges. A
large part of the improvement obtained with the l-inch spacing,
however, was probably also due to the improved drainage of the oil
recovered from the foam through the wet-plate screen. The oil
recovered between the condenser plates by breaking the foam tended
to wet the oncoming foam ahd made it difficult to break unless
proper drainage for the recovered oil was provided. In the case
of the l-inch-spaced dry plates, the oil recovered from the foam
broken in the field of the lower plates was allowed more time to
drain before the foam moved through the field of the second plate
and the foam was therefore more easily broken. The curve for a
3-inch-wide dry plate, for which the drainage time was the same
as that for two l~inch-~wide dry plates spaced 1 inch, indicates
by comparison with the curve for the two l-inch-spaced dry plates
the gain in foam-bresaking effectiveness ohtained by providing the
additional condenser-plate edge.

The most effective condenser dry nlate, therefore, would be
one that will give the maximm edge effect. Dry plates made of
wires would probably rrovide the grestcst lenpth of condenser edge
for a fixed over-all condcnser area.

Wet-Tlate Desiem

The greater the thickness of the oil film making up the foam,
the more difficult it was to break the foam, As foam breaking
proceeded between the condenser plates, the oil recovered from the
broken foam drained down and wetted the oncoming foam., This effect
can be observed nesr the top of the foam column at the edge of the
condensar plate in figure 5. A collar of solid oil tops the foam
column. At the middle of this collar the oil can be seen flowing
downward over the oncoming oil foam.

The necessity of providing for drainage of the oil recovered
from the foam was demonstrated with the wet plate illustrated in
figure 6. The oll recovered from the broken foam drained through
the screen to the inside of the stesl tubec and joined the main
body of clear oil via the glass tube. Foam did not rise in the
glass tube during the foam-breaking tests because the lower end
of the tube was always sealed by the layer of clesr oil. Foam
did not move through the seareen unless an apgreciable pressuro
drop existed across the screen to force the foam through it.

(See fig. 9.)
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For the test to determine the effect of oil drainage on foam
breaking, cylindrical wet plates L inches long of 80-mesh screen,
120-mesh screen, and solid copper foil were used. The dry plate
was cylindrical and was made of 120-mesh screen hoinches in’ diameter
and } inches long. Diesel lubricating oil at 160 F was used in
all tests. The condenser voltage was 19,000. The initial column
of foam extended to the top of the condenser.

The data obtalned are plotted in flgure 10. At a foam-
displacement rate of 12 cubic inches per second, the amount of
foam broken using wet plates of 120-mesh and 80-mesh screen were
110 percent and 126 percent, respectively, of the value obtained
with the solid copper-foll wet plate that provided no drainage for
the recovered oll.

Some of the improvement in foam-breskine effectiveness with
ths coarser-screen wet plate might have been due to an edge effect
similar to the effect observed for the dry plate. A small discon-
tinmuity in the metsl of the wet plate will produce the same edge
effect 3s 3 much largsr discontinuity in the dry plate because
the wet plate ic in contact with the foam and the dry plate is
separated from the foam by a dielectric. The edge effect produced
by wet-plate discontinuities therefore increases with the coarse-
ness of the mecsh. The edge effect is attributed to the relatively
hipgh discharge current density between the condenser plates at the
edge or the discontinuity in the condenser. The closer the edge
or discontinuity is approached, the greater the current density
will be.

More effective drainage of the recovered oil would have been
realized if the wet plate had heen in a horizontal plane instead
of in a vertical plane because an 2poureciable amount of recoversd
01l ran down the column of foam. The tests conducted, therefore,
did not evaluate the entire effect of the drainage of recovered
oil.

The recommendsd form of the wet plate provides for the drainage
of thc oil recovered from the feoam. With wet plates of the type
discussed in this report, dreinaze is most readily accomplishcd when
thz wet plate is horizorntz2l. Any form of the electrical foam
brenkar should provide for tns suboration ot clear oil from the
foam in the mixture of foam and oil flowving to the foam br.aker in
such a way that the foam to b: broken contains as little oil as
posslhla.

It has not been determined 10w coarse the screen mesh may
eafely bu without rermitting an unduz amount of foam to pess
unbroken throueh the screcn with ths oil. Observatlons made
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during these tests showzd 80-mesh screen to be satisfactory for
oils having & viscosity less than 67 centistockes, or 32C Saybolt
Universal seconds, corsesponding to grade 1120 aviation oil at
temperaturss above 160~ F.

Condensar Voltagz

Tests to evaluate the effect of condenser vollage were made
with both Diesel lubricating oil and grades 1120 aviation oil.
Voltages of 12,500, 14,500, 15,800, and 19,000 were used. The

initial foam column sxtended to the lownr edge of the condenser
plates.

oThe data obtained for the Niesel lubricating oil at 160° F and
130" F are shown in figure 11 and those for the ~=rade 1120 aviation
oil at 160° F and 180° ¢ arce showma in flcure 12. These,dnata show
that the gain in rats of foam displacement, when 2 constant per-
centaze of the ccadenser plat: wis coverad, decreased [or each
additional step of aporovimalely 2200 volts for both oils in almost
every case. For instance, for Loth oils at 150 F and 180° F, the
following table gives thz rate of displacement at the variousz test
condenser voltages when 70 p=rcvent of Liie ccrnlenser 'as covered:

TA3LT 1, = JARIATTON IW RILT- OF ¢Q.¥ ISTLaCh ™1 LITH COJIRYSER
VOL1AZ. FOR 70 TEISE T OF PLATL GOV 7 udd

*1 2ate of [cam displace™ent Gain in rate of foan Jisplace-
{cu in./sec) mant tor each 2220-volt step

_ L e (va ine./sec)

Voltare (Diesel lubri~{Arale 112" avia-|diesal lusri-|Grade 1120 avia-

cating oil tion oil cating oil tion oil

150° #]180° F|160° 7] 130° ¢ [160° #]189° #]160° 7| 180° F
12,500 1.8 2.hL 1.0 1.8
11,600 4.9 L.8 2.6 7.9 2.1 2.4 1.6 6.1
16,800 7.8 7.1 5.0 10.5 2.9 2.3 2.4 2.6
15,000 9.2 7.8 6.5 12.2 1. .7 1.5 1.7

Between 16,30 and 19,700 volts th~ »ain cbtgjnci by raising tne
voltage dropped rapidily for bot" oils at 130 . It is probable
that increasing Lhe volta:e oeyond 24,070 wonll not be Justified
by the small increase in allowablzs raite of foam -lisplacement
obtainad for these oils at 130° F vith the anparat.s.

The analyses of the :data indicate that an optimum condenser-
plate potertial difference exists for a condensor of given design
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for each oil beyond which the galn in foam-breaking effectiveness
obtained by Increasing the voltage does not compensate for the
increased care required in the construction of the condenser for
use at the voltages sbove the optimum. For a condenser employing
a 0.20-inch free gap and a thickness of dielectric equivalent to
a 3.5-millimeter thickness of pyrex glass, a satisfactory voltage
for most oils would be about 20,000.

A comparison of data for the Niesel lubriﬂatlng 0il at 160° F
with data for grade 1120 svistion oil at 180° w (table 1), the
temperatures st which the oils had approximately the same viscosity,
ghows that the Niesel lubricating oll, whicih formed the more stable
foam, was more difficult to break.

0il Temperature

Tests to evilunate the affect of o0il temperaturs were carried
out with the same =ppara*us and the same proc=dure a= the tests
described in the precedinrs section.

The dAzta obtalnedoior the Diesel lutricating oil at t-mpera-

tures varyine from 120° F to 180° F with a constant voltage of

19,000 are shown in fi,ure 13. The same c‘a’c.'1 for the grade 1120 avia-
tion oil for temperatures from 150° F to 180° ¥ are plotted in fig-
ure 14, For the Dlesel oil, the rate of fo=m displacement at an
oll temperature of 160° # was 243 t1mrs as great as the foam dis-
vlacement at 120° ¥ for 70 percent of the Dl?te covered., For the
aviation oil, a change in temperatare from 120° F to 180° i multi-

i:1led the rate of foam displacement for 70 percent. of pla:te covered
by a factor of 2.2.

It will k=2 noted +hat breakince of the THhiesel oil foam was not
accomplished by this electrical means as readily at 180° F as it
was at 160" F. This effect wos noted in similar dnta obtained at
other condenser voltazes not included in the rejport. It is believed
that certain of the additives in this o0il acquire 0il-film protec~
tive qu=lities at elevated tem.eratures that offset the general
tendency of thz films to rupture more easily at the higher tempera-
tures.

For the grace 1120 avintion »il, the effect of o0il temperature
on foam-braakin: rate is considered to be one of visrosity and
possitly surfece tension rather then temperaturs. The lower the
oil viscusity, the tninner the o0il film in the foam and the more
readily is it broken. ™Then drainage through the wet plate was
provided, the rate at which th:z oil recovered from the foam moved
through the wet~plate screen increased wita trmperature.
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The analyses of these results indicate that the foam-breaking
rate obteincd with the electrical fonam breaker increased with foam
tenperature., O0il additives that become surface active at the

higher temperatures and nromote foam stability may modify this
trend.

Water in 0Oil

The effect of water in the 01l on the foambreaking rate
obtained with the electrical foam breaker was determined with
Diesel lubricating oil at 160° F. The Diesel lubricating oil was
chosen for these tests because water solutions of the detergents
present in the oll were better conductors of slectricity than
water—-in-o0ll emulsions which would have been obtained with
grade 1120 aviation oil. The tests with Diesel lubricating oil
then represcnted the case wherc conductance was the greater. The
results obtained are summarized in table 2 ani show that the quan-
tities of water in the Diesel oil up to approximately 5 percent
by volums had little effect on the [oam~breakingz efficiency of
tha condenser. A considerable reduction in the foam-broaking
efficiency of trc conlenser occurred wien the wat:r in the oil
vas increased to 8.7B percsut by volume., Tests werc made at
19,000 volts with & nominal foum—-iisplacement rate of 1 cubic
inches per sccond. . dry late of lj-inch width mnd a wet plate
of 120-mesh screen yvire mscd.

TABLi 2. - FFFYIT O W.TiR I DIZSEL LUSRIZATING OTL
01 COMDEISER FO-1-Bie XINIG EBFFICIEICY

Perceatage water|Percentap: of|Foar-digolaccrent rate
in oil foan broken (cu in./ssc)
0.00 71 15.32
1.76 T2 16.00
L.o 79 16.35
5.98 71 156.35
8.78 33 16,75

It 1s unlikely that the amount of water in oil in an airplane-
engine crankcasz would be above 6 percent for any appreciable length
of time in view of tha fact that the cil temperature in the crank-
case is around 220° F and the atmospheric pressure above 20,000-feet
altitude is less than one-half that at sea level. Quantities of
water in 2xcess of 1 or 2 percent of the oil would boil out under
these conditions. Foams formed from a samhle grade 1120 aviation oil
that had be=n drained from an engine after 200 hours of flight
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service were observed to break under the action of the foam breaker
as readily as new-oll foams. The concentration of water in the
used service nil together with othsr oll contaminants coming from
the engine, the fuel, and the oxidation products of the oil was
insufticient to affect th: foam~breaking effectiveness of the
charged condenser plates or to altier apprsciably the power required
for operation of the foam hreaker.

DESIGN OF THE ELECTRICAL FO:AM RREAKER

A laboratory form of an clectrical foam breuker suitablc for
installation in an airecraft oil tank is illustrated by a diagram
in figure 15 and by photographs in figure 16. A wet plate of
80-m2sh screen was used, wiich provided for the separation of clear
oil from foam in the incoming aerated oil. The mixture of foam and
oil entering the tank (fig. 15) passed up throush the center tube
and over the conical portion of the screen. Clear oil moved through
the 80-mesh scresn and ran down the outside of the seru.n and center
tube to the main body of o0il in the tank. The foam stayed on the
inside of the screen and {lowed over the top of the inverted cone,
As 1t passed over the horizontal 1lip of the cone, the foam was
broken within the electrical field of the condenser made up of a
wot plate, which is the horizontal 1lip of the cone, and a dry plate,
which is located on the flat surface of the glass cover over the
cone. Some of the oil recavered troam the foam broken on the cone
lip drained through the 1ip screen and flowed down along the out-
side of the cone to the oil tank. The recovered oil that did not
have a chance to drain through the screen floied arpund the very
fine foam bubbles that wers norrally the last to he hroken by the
electric field., If these foam bJbbles were so small that they
were submerged by the recovereld oil, then the electric fisld did
not break them. This foam plus the oil flowel over the rim of the
cone lip and plated out to a thin layer on the cylindrical rim of
the cone. The fime bubbles were thus wmcovered and subjected to
the electric field of the condenser formed by the cylindriecal rim
as a wot plate and a wire-mesh band around the cylindrical sides
of the cone cover as the dry plate.

The foam that separuates from the clear oil is shcwn in fig-
ure 16(a). The foam is seen pouring down the cylindrical glass
form used to support the rim of thie cone screen that constitutes
the wet plate. TWhen the vollage was apnlied, in this cass
13,900 volts, the foar was broken and the clear recovered oil was
observed to pour from the cylindrical rim of the wet plate, as
showa in [igure 16(b). The quantity of oil ihat was recovered
from the 1o0am was aporeciable, Sone foam was formed by the falling
streams of recoverad oil splashing in the main body of the oil.
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In an actual instdllation, a funnel-shaped duct should be provided
for conducting the recovered oil dovmn to the oil surface to prevent
splashing,

A proposed form of the foam brealter that is suitable for
mounting on the inlet line of an aircraft oil tank is illustrated
in figure 17. Its action is identical with the laboratory form
previously discussed, but its form differs from it in the greater
amount of screen area provided for separating the clear oil from
the foam. Based on the experience obtainsd w#ith the laboratory
foam breaker, a potential difference of 18,000 volts is recommended
for a condenser of the dimensions shown in the drawing. The spe-
elfic voltage to be used for a foam breaker of given design will
depend on the maximum flight altitude at which the airplane will
fly. The voltage at which undesirable arcing will occur across
the condenser plates is less at altitude, vhere the atmospheric
pressure is low, than that at sea level., The voltage ehosen must
be below this critical value. This foam breaker was designed for
grade 1120 aviation oil 165° F or notter circulating at rates up
to 15 gallons per minute,

The device does not increase the oil-flow resistance because
the clearances provided for the foam nassages are available to the
0il if it is too viscous at reduced temoeratires 1o move rapidly
through the screen. For the same reason no oll-flow difficulties
can result from nonhorizontal flight.

The most suitable materials for the <dry-plate support have
not been deternined. Pyrex zlass annears to serve quite well, but
undoubtedly there are suitable olastic materials .rhich woull be
less fragile than glass.

The type of electric current available on the airplane will
determine the method that can be used for obtaining the voltage
required for the foam breaker. If only direct current is avail-
able, a form of large spark coil with a current interrupter in ths
primary of the coil would serve. If alternating current is avail-
able, a low-capacity high-voltage transformer is all that would
be required. The voltage sujplied to the spark plugs would prob-
ably be satisfactory. A second magneto may be required to supply
current to the foam breasker. The high-voltage source should be
mounted on the outside of the oil tank just above the foam breaker
in order that high-voltage lines only several inches lgng can be
used, If a second magneto is used for producing the high voltage,
it should be electrically driven at the cil tank.

The power consumed by the laboratory model of the foam breaker,
which is comparable in design and capacity with the preposed airplane
installation, was less than 60 watts,
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SAFETY CONSIDERATIONS

The following test was made to determine whether the type of
discharge that occurs between the condenser plates is capable of
igniting an explosive mixture of gasoline vapor and air that may
be present in the oil tank if gasoline dilution 1s practiced.
0Oil-gasoline mixtures conteining 5 to 50 percent of AN-F-28,
Amendment~1l, aviation gasoline leaded with l;.5 ml TEL per gallon
were heated to a temperature from 170° F to 200° F. Air was
bubbled through the mixture and the air-fuel mixture passed between
two condenser pnlates across which a strong brush discharge was
maintained, In no case did ignition occur. The airplane oil-tank
atmosphere 1s composed of crankcase gas pumped with the oll to the
tank, The oxygen concentration of this gas is normally between
10 and 16 percent. The ignition tests with pure air containing
20 percent of oxygen thereiore represented the worst possible
condition,

Positive assurance that ignition cannot be caused by the foam
breaker can be provided by bleeding exhaust gas into the oll sump
at about the rate of 5 gallons per minute. The gas circulated with
the 0il is then essentially oxygen—free and ignition cannot possibly
occur,

The primary circuit of the spark coll or transformer should
be protected with a fuse. If arcing between the condenser plates
should occur, the fuse would cut off the applied voltage.

Deposits of carbon from used engine o0il on the surfaces of
the insulators may conceivably make it difficult to maintain the
required high electrical potentials across the condenser plates
because of electrical leakage through the carbon, If this elec-
trical leakage does occur, more care in the design of the insu-
lators and the plate mountings will be necessary than is indicated
in the foam-breaker design given in this report, Provision should
be made in the installation design for vermitting easy access to
the condenser plates for inspection and cleaning. The wet-plate
screen will act as a filter and some oil-borne solids will
undoubtedly be deposited there,

SUMMARY OF RESULTS

The data on oil-foam breaking with charged condenser plates,
one of which is in contact with the foam and the other which is
separsted from the foam by a material of high dielectric strength
have showng -
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_ 1. 01l foams broke most readily in the space between the
_condensers in the region of the condenser-plate edges.

2. Dralnage of the oil recovered from the foam away from the
foam that remained to be broken improved the effectiveness of the
foam breaker.

3. The foam-breaking rate increased with applied voltage below
the voltage at which arcing between the condenser plates occurred.

Ly, The rate of foam breaking generally increased with temper-
ature, O0il components or additives thal become foam stabillzers at
the higher temperatures may modify this tendency.

5. Water in the oil in quantities less than 6 percent by
volume did not influence the rate of foam breaking.

6. The electrical brush discharge between the condenser plates
did not ignite gascline-air mixtures.

DESIGN RECOMMENDATICNS FOit nAIRCRAFT-CIL-SYSTHL FOAM BREAKER

l. At least one condenser nlate siould be sevarated from the
foam by a s0lid material of gonod dieleclric sroperties that does
not permit arcing between condenser plates at alliturles vhere the
atmospheric pressure is low.

2. One or both condenser plates shoull be provided with holes
or channels to permit the drairage of oil recovered from the broken
foam away from the oncoming foam.

3. In order to provide as great a leagth of condenser edge
as possible for a condenser plate of given over—all size, the dry
condenser plate should be formed from narrow metallic tape or wire
suitably supported on solid material of high dielectric strength.

li. Provision should be made for separating the foam from the
0il in the air-oll mixture entering the oil tank before the foam
is introduced between the condenser plates. The use of a wire
screen for this purpose appears to be satisfactory.

5. The applied condenser voltage should not exceed the voltage
at which arcing between thz plates occurs at the maximum flight
altitude.

6. A modified form of foam breaker consisting of a grid of
modified condenser n»nlates whose adjacent elements are oppositely
charged to a suitable difference of motential could be installed
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above the oill level in the oil tank to break the foam that reaches
it., Altemate condenser plates should be insulated from contact
with the foam according to recommendation 1.

COMNCLUSIOWS

The foam~-breaking tests and the experience with the operation
of the laboratory form of the proposed foam breaker indicate that
oil-foam breakers thut employ charged condenser plates are suitable
as a means of eliminating oil foaminpg. This apparatus should be
considered in those installations in which the oil foaming cannot
be eliminated through other chanpes in the mechanics of thne oil
system or through the possible use of defoaming additives,

Aircraft Engine Research Laboratory,
National Advisory Ccmmittee for Aeronautics,
Cleveland, Ohio.
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(b] Voltage applied

Figure 1. - Behguior of soap bubble in electric field.
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Flgure 2. - Laboratory apporatus for producing foonm
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- View of empty foam tube without condenser.

Figure 3.
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ol | has been recovered from foam olreody broken. OQil ot
middle of column hos started to flow down the tube.
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(o) Wet plate.

Figure 6. - Construction of wet plate.




(b) Wet Plate showing cufauay plate support.

Figure 6. - Concluded. Construction of wet plate.
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Figure 9. ~ Separotion of clear oil from foam by a screen.
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(a) No voltage.

Figure 16. - taboratory oil-tank foam breaker.
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(b) Voltage applied.

Figure 16.

- Concluded.

Laboratory oil-tank foam breaker.
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